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Abstract 



One object of the present invention is to suppress a threshold voltage of at least an n-channel MISFET using a nitride of a 
high melting point metal at it's gate electrode. In order to achieve the object, a gate electrode 109 of a p-channel MISFET is 
constituted of a titanium nitride film 106 and a tungsten film 107 formed on the film 106 and a gate electrode 1 10a of an n- 
channel MISFET is constituted of a titanium nitride film 106a and a tungsten film 107 formed on the film 106a. The titanium 
nitride film 106a is formed by nitrogen ion implantation in the titanium nitride film 106 to decrease the work function 



Data supplied from the esp@cenet database - 12 



Patent Number: 

Publication date: 
Inventor(s): 
Applicant(s): 
Requested Patent: 

Application 
Priority Number(s): 
IPC Classification: 
EC Classification: 
Equivalents: 



http://12.espacenet^ 9/10/2003 



(UDHMMW U P> 0» & II # I* * * 



(A) 



(SDInta' 
H0 1L 21/8238 
27/092 
21/28 



301 



(21) taa#^ 

(22) tBSB 



!ftK2000- 13428CP2000- 13428) 
^12^1^21 0(2000.1.21) 



(54) 



#^2001-203276 
(P2001-203276A3 
( *»w,S Bm gftl3g7B27B<2001-7.27>_ 



F I 

H0 1L 21/28 
27/08 



T-v3-r(##> 

301R 4M104 
321D 5F048 
32 IE 



(71) ffii8A 000004237 

^KiK^STB7#l^ 

(72) SB"P» «» * a *«£f» 

(74)«SIA 100082935 



nun w**^***^^ sml 

S LTS 0 nf^MMISFET^-Mil 




1 1 5 



1 1 2 



1 0 1 



(2) 



2001-203276 



1 

pft^IMISFETW^n, BEp^xJUD* 
BKJ4»2<oy-hM**Ufcn5 :L r*;H!MI SF 

te^nznummfrbtezv-i • x^-- trie 

»2oy-hKftR^bTWianS!^x;^SM«cs: 
go 

mum 2 ] MfBfH 1 * J:UW 2 ©y- h*«<Z)fllffi 

o > mmm 2 coy- hms&ttt^-rsir^sje^siiffB 
Buiem 2 <&y- h«as<ofliffitt, iwes 2 coy- h^ffc: 

I^LT, MBlM X^— yickDttb 

«rEtBi©*iKjiS*H*^^>, ^>yxf>*<fc^ 
>?)l>o)o*>(D 1 ^&ftS»*S 1 E«©*»»* 

Mo 

[H*B4J «[EflS2O»*«R(01»A^fi^ ffiE 
Ki(0»flt*H(OlSft*fl:tffiar*»*3B3E*<o* 40 

pft^iMisFET»tbn, i^p^x;uo^ 

@^«^2 0y-hmti^WLfen9 1 ^^;^MI SF 

ETjWHw&n. K3si£«fctfS2<&y-h««<&ffls 



2 

OxJl/0^®^^bnfcMIBmi^y-Ntt»^ R 
y~ MMt:«©SaS*ittftfcSI5» l aKIMteK®& 

s fcRtt b n^ss 2 <o mumum t * s a *it, 

OSiSCRtf 6tifcMB»2 ©y- Hill fltEJSl 
J; 0 »*<D**«©*^t»E* l wSiK^ 

o$£2<omn#mt* &&2<D&nftm<Dmmz8L»*> 

x^— y-K £ o ^(cMbnr, 
«fE*2(oy~h««©«ffitt, »Ey-M6»m*^ 

6 ] irey- htt»Kttsifci/ u n >r*> u 

go 

ft, »n^^xJl/©SffilCttSBl©y-h««S:WUfc 
WCte3§2 coy- MI^lfcnft^MM I S F 

ET*«RW6n, s^i^«fc^2©y-h«ffioflia 
<>x;i/C!)affiKWt&tifcWE*i©y--h«fftt, se 

y- h»ftR©*B*a«E«cB5* 1 OiSM^RfiOS 
ffifcRH" S *lfc * 2 <Z)S b«$nt, 

y~h«jfti»^bTMEn^^x;i/CD^ffi^te»n 
fc«tsB»2<oy-hiatt. ttEfBiosBn^H^a 

«*R©*ffi*a»K:B5IB2 0#«»Ri:, KJS2® 

«fE»ioy-h««©«a», meim 

X^— tJ-tCcfc 0 jtfttcBfctiT, 

MfB^ 2 <z>y- h«ffi©flJS«, mfisy- h«j»R^ 

L/T, WfBit-f K^^-Jl/-X^~1^tci;0St)nT^ 

^> d t *»»tr**»#*«. 

8 ] r^ib^ i ©K«ua*H*^^ >^e>ft 

0, B9Em3 0)ffiHl^JB^>^^e»&§ia*S7 
Eft4>4M**&*. 

ffi^x^ck^pS^x ;KZ>*ffi H o y- h 
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m 2 oisiii i (Dmmmfrztez>/\- f*?x 

tnz£QA?-->tfVT. ijuEnH^xJl/, pH^x 

y-X- FK>»ttMU tt»2 0>y-h««*5 
cfc^it-f K^*-/> • X^— tr£VX^t£bfcn^PF*$ 

-X • KW>dMl*»flEl/, ±ffilcS3<&iSl«£&]R 

cm*js i o ] bus® 1 cdxk^jk^ ^ >, 37 
>^x^>&efco^>^;i/(D?*><£> 1 -3^§a*^9 

nS^x^.kCKpS^x^^StrfRKftfc^OSgl 
coy- hl«^ffMt§Igi, 30 

® l©S**Xffifiit<Dfe(hT<OKJ6ttXA^^U>y 

ck o jg 1 (D^m&&mm<»&<twfrt>tzz>m 1 a>»« 

1 OttJRK^ b & £ A- K ^ X ^ K <h SIB^ffiKl^rt 

f&x§<h> 

««ttR SS*S*ttX y ^ > V \Z cfc D A* - =■ > ^ b 
SrJ&ricTSXgfc, 40 

A^y ^ bTnuiB^ i h«a^cttf MfBiKs^y- 

x^-it&vx^^Ufcpffi^«!ift©-f ^>i£Ak:«J:r) 
ffiffHnS^x;KDSSJCp+ siy-x • Fu-r 

j&su mvmw- hmm&£tfy<i ks*-^ • x 

vx * fc b£ n ST««^-f *>&A£J; 0 r9 
IBpS^x;i.CDgS^n+ gjy-X • h'K>l«^ 
JfcU ^S^3(3!>iSB[^JSlR*^bTSp+ SV so 



4 

-X • KK>««:fccfctfn+ My-X • h'K>» 
£Xg<h* 

^•mrs*T»»BB«»iiB*ft*««w» (cmp) 

mn^mmz ^ d basics 2 o>y- bMfcm&j&isrrz 
mmm 1 xatajt.*: os^s 2 ©gsttfxsss 

JtCOfciTOK^ttXAy^UV^C^O, ssk&his 

&&mm<vmtm^tezm2<Dmmfamz±mizBm 

[W*^ 1 2 ] ffirESS 2 <Z)«««:KC0lSa*ffi^ffifE 
£ 1 O^«#:^^9 B 0 ^i:ffi^-r^cfc 3 (CMTEfS 2 <Z> 

a*^fx««it**we**i*«*3Bi ie*o*»#8 
w*jsi3] ntEiK i <DK«ua*iB^ * 

> ^ x x > & «fc ^ > ^ ; 1/ (0 5 % co i "9 t h Z> fit jJcJK l 
1 ^> U < ttffll*3B 1 2 E««0¥#«:SB«a>»Jfi*«. 
14] > U □ >*«<Z)*iHlcK^ 

nS^x;^«ktfpffl9xJP©affifcJ»Kfl:K:<fc0y-- 
IB 1 CDlf fflMI«ia)gffc«)^ e»&£^ 1 (03»«#R«: 

ilEA-HTX^E R®2<Dia»^RKfe«fc^ifE 

x> mznm? yL)\/<Dmm±\zm\ <D¥-bmm*Bj& 

U, B«r^ f 89EpS^x;K7)^B^lSK0y-h«fi 
^^T^>X@^. 

^B^«2fiDlfiiKK««AL > »»2<D»iRR^xy^ 
A + >> ^7 bTfflEm 1 coy- h««*J:tfWE«K©y- 

x ^-u- v x ^ tc b p m^tm mv> -f * >a a k «t o 

«9En^^x;K©^ffiJCp+ ^y-X • Kl/-f>«*S 

^^vx ztzLtcn m^mmcD^ -*>&\\z& o m 

fiJcb, ±ffifc:S3<?DiBi»^HIK^fiEbTSEp+ fflV 
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TmjfaA-F^X^Il, <&il£tf)y- htl^i:^- h 

mmmz&v, mz?~hm&mftzmmm2<Dmmfc 
mmmmmwk<»±mj)m&-? z*'v&mm&£m\zj& 

flEU f»E&JRR, »2CD»*#R*±»»2©y-h 
KftR&CMPbT, MKpi!?x^0*ffi±K:S§2(& 

y- hfl[S^^r^x@<h^#-r^ - 1 s»*tt5 
[if 1 5 ] satey- bmmm^mtzy u a >si& 

>$)v<do%(d i ^-e$>z>n3m 1 4 ta«co¥«*sg 

[if*^ 16] y'jn >S«co^aJc*^HIS«lc 

n m o x ;^ct # p m >y x ^cos® \zmsut lao^- 
hRfcRtjME-rsiat, 

£®iC^f£U ^^iC, ft2 0KM£«jRR£a£l<Z)flB 
ftid^&SA- K^x*R<fc£Jl:*£ffilc^rr*X 

at, 

««#R£)©#:S#«:X y ^ >y f£ J; 0 A°^-x > y L 

t, ffifiSn^^x;K^s®±tc^i(oy-hm®^^ 
U IsP^c, 88EpS!^x;KZ)^ffiSc:<ES<Qy-h«ffi 

has^ws^n^nasiM K£*-;u • x^— y- 

X $ V X ^ L 7c p S^fcfitt <EK * > & A cfc 0 
MfHn^^x;KO^Bitcp+ iv-x • FKXWt 
JMEU R£K<&y-h«ffi:fcJ;t*!M K^*- X 
^-1t£*?X£ Ufc n MTfamoi -t /ftACJ; 0 flu 
ISp^ r yxJKDg®tCn+ SJV-X • HK >ggfejc£7£ 
J&U 3 (DiffiB!^)BJRS:»riEUTSp+ IV 

-X- HH>S«fcWnt *gV~X • HK>«« 



6 

£Xg£, 

£ffilcaitM»R**fiEU i»EA-K^X*R0>±a 
WEnS>?x;U<D£H±*B5:7* hl/vX hR/S*- 

TfltjffiA— kvx^i, iK^<ay-hmffi£«fctfy-h 
wesm <db M&&mwL<D&mfr*>u%>% 2 

R££ffiK:J&SU ^JRR^±®Jl^-rsx 

fl6EBffl«»K©±Bi^«UlTS*TH»E^RK, ?£2 
©#«frK*5J:r;»2©y-hKfcKS:CMPUT, wi 

m t z t ^^iiti>*^gi0ssm 
nmm 1 7 ] 1 ax iiAftBtf? * >t$> 

WE*4<DK«ljS*JR^>^;PT*«»l«#ffll 6 
E«a>¥«ffeBa>aifi«tt. 
[^<£§*iifflfcIft9H 

[0 0 0 1 ] 

^t^l/iMI SFETcp^t^iMI SFETt 
[0 0 0 2] 

[*£*<£>&«] MI SFET<Dlgmmt& £Zf&&fc 

10 0 0 3] mi\Z, #JxJ£, y-hft&*0. l/zm& 
TOMISFETT11 y— h»IWKtt2 nm&TKii 

Sftjc«ts*a6»»-r*^ttt, y- h*ffi<o«fis:« 
sxs-roiRsaafciRbT^y- h*KKty- v-mm 

ttt*. jKo/tuTRKitt, a*, mt^fy^mtz 

[ooo4] ^2ic> xy-u>y^fft>Ty-h« 
a, i£«s©«ffl» 5 bi8/h$nT> -n^y-hfiR 
««*<ao, s^r>Kttaa:¥a»Ra(3Dfta^Ha 

2©HBA0>tfftflitt. *»»^y=i>R*j:t«e«a 
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[0 0 0 5] U^lft^S, y-hfi^O. 1 MmOT 

S. ^©S«IKjfiC*K<!:LT«, f^>*^>yx 

[0 0 0 6] ¥»»K«©»jfiXS©Brffi«iCHT*^ 
H9Sr#BBUT, y- h*ffi^K» j&&JBK*:<&/uT«* 20 

[0 0 0 7] £T> ->U3>Sfi4 0l^Sl;H * 
^«fi«4 0 2*«$nt, nl^iW«4 0 

«fcoy-MM4 0 5#»^ft5. mt^?>m4 

0 6, ^>^f>i4 0 7^J:tXmi^)«6&^^^ 

9 (a) ) o 30 
[0 0 0 8] Wz. _hfBA-Fvx^JH4 0 8, 
Xf >lgl4 0 7*5£tfg{fcf *>BI4 0 6j&*S;£ttXy 

f>^iao!«/^-->^nx, n§y^7x;i/4o 
3©am±K:naMb^^>K4 o 6tc:^>yxf >jgi4 
0 7&mmLTuz>mi0 / f-hmm4 o 9^j$$ 

n, p.^^xil/4 0 4<DSt®±Kte^b5 1 3?>Jg|4 0 6 
£*>^;*f >Jg4 0 7j&*«»UT£c5S§2(Dy-h« 

®4 1 ojwwaisn*. ^i>t, y-h»K4 1 o^v 
x ^ t u/t n m^wrn^ * >&a t p m^hwm-i * 

X • h'K>- X^r>ya >flg«4 1 1 chpl^7 

h«a«4 1 2 td«$ns. P3«fc y- h«S4 o 

9 £ 7X £ tC Ltz p S^ffifttO-f :* >ffiA n S^FJffitt 
^t>&At(:J:D> ni^xJH 0 4CD3lffitC^p 
SIV-X • KK>- X^7f >-> 3 >^fei4 1 3<hnH 
#^T7hfi«4 14^WSn5 [0 9 (b) ] o 
[0 0 0 9] iIl:K$n^2(^»Wx 
7^^^$^T, y-hii4 0 9, 4 1 O0SM 
^n-fftfclHStM FO^-Jl/ • X^— it4 1 5#J£J5£ 
$n^)o S^T, D-<H^^^*X^-it4 15M 50 
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\Z.tf— hHS4 1 0*7X^l:bfcni^t5tt©-f*> 
jSAKJcO* p^^ji;U4 0 4<D«tS^ttn+ av-x 

A^~1t4 1 5 3£tffc:y-h«ffi4 0 

0 3<B*ffiK:tep+ SV-X • h'H >®^4 1 7#JK 

^^n^>o 5i*a^r, ±mzmx\i^^>mt)m^ 

w>««4 1 6iW:p+ Sly— x • >®«4 

1 7{c«-en-€ r n^> • ^y-*-f Ki4 i 8 

ft* CH9 <c) ] . -t<D«* HSBtBtS^ £ffi 
^BRIteiBK^^fiESnT. fflJSSM ISFET^ 

[0 0 10] 

mmm&L&ot-Fzmm] ±Ey-n«4 1 o 

Stlfcnft^HMISFET, y-hiS4 0 9 
SfUfcpft^UMI SFET(Z)b#W(il±H 
n+ !MI>"J3>l3!)^6sy-htg^tUfcn 
ft^JUMISFET, p+ i#eiy'j3>»^ 
S5y-MiSSU:p?t*MMI SFETCOU 

^^mmmzit^x. ^n?nmzm&±&*?z>z.£& 
tobnx^z* ztiiz. -mz, mmm&&mm<Dy 

zttzfc*> 0 

[0 0 11] *te«>"j3>lK^636:Sy-h«4i*W 
LfcMI SFETT©bt^fitE0)ffl»H —HSt\Z, 

^iwai^nfcMa)^- ns$*t5M i s f 

[0 0 12] lf:^ 9 T 4 SfbKM^ 
ftSffliSMISFET^^T, nft^mtf 

[0 0 13] 

«tD»«anfcna«>i^tps , >xji/^»»e»ft, 

u0nI^xJKDgIC^ 1 coy- Mt««r#bfcp 
ft^l/iMI SFET^tbtl, C(DvOjL)l<Dm 

ffi\zitm2<D¥-hnm&m\stzn3 L v*)imM i sf 
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<DW, i <r>v- hmitmommzmmzmom i vmrn* 

©*HKRtt&ftfc±E»2©y-h«Bi, ±B»1 

mmzmom 2 owrwr c.©r 2 0«*ff;R0>R 
ttff<o«is^> -en«en±EiM • x^-it 

hRfl:Rj^Rfl:R*>SttD. ±E»2©y-Mi«ft 
*«t-S±E*JRR*<±E*2 ©KilA*RK^&ft 

[0015] $bic$?^b<{5, ±fig§icoy-h«« 
©«ffitt, ±EtM k^*— x^-i^c^m^ 20 
ffit)tix, ±E»2<oy-h««<D«ffi^ jless2<o 

laOSbtiT^r), ±E* 1 ©SMjfttefiW^ >, 
^>^x^>4o^^^>^;i/a) > 5^coio^b^e 0 $ 

6>fctt, ±E*2©*«#R<D»S;&ffi#, ±E*1© 
[0 0 16] 2 <2>R«tt* y'J 

^ffifCtt^Koy-hma^WLfcp^^^SiMI S 30 
h*«£#Lfcn^**;i/«SM I S FET^Kfrt^tU 

25 1 43j;^ 2 <&y- htio)i®nfnfniifti^ 

bft£lM Ftf a— ;l/ • X^-it^ctOSt?nT43 0> 
l»lfcft^iO»*$nft:y--hitft;RS*UT±Enffl 

^o:;KossnK^&nfc±E»i©y-h«ta«, ^ 

0>y- hRffiR0XR£iURlcR3R l coSM^Rcd 

©*ffilcRJtsnfc*2<0iB«j«*)RRt*^«flESn 
T> R*S^Ttt*y-h«RR^UT±EnaC7 
x;KZ)^SfcRtt&nfc±E»2©y-h«Stt, ±E 

sn 1 oD#tt^^cfc 0 a*o)*w*©jacr^±Eas 1 <r>wm 
&&m<D&imfrt>fcv, ^<oy-M6i»R©aHSftii[ 

k:R^&nfc*jRRt^&i»j«snT, ±Emi<&y- 
h««0fflM«, ±eim h**-^ • x^-ittcct d 
tsica^nt, ±E^2cDy-h*s<z)ffliffi«, ±e 

ley- HttRRttRfcS/ >J 3 >R»b U < ttRftRft-> U so 
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3>§|T&9> ±Eff§ 1 <DXWt&&Rtfi ! ?* >, 
[0 0 17] *56W©¥*»S6«<D»3<0»«tt, y'J 

1 ©y- h ti^t Lfe p ^ t ^i/iM 1 s 
fet**sw-£*l z<op03L)w>mmz\zm2<»if— 

hilWlfcn^t^UMI SFET^RttStt, 
R 1 2 coy- hRCOMSa^n^ftlfiRR^ 

S»R{fc{CcfcO^*$tlfcy- hRftR*^LT±En§B 
■5x;K0^ffifcSW6n^±ESi<z)y-h«Stt. c 

coy- hRftRcD^s^fig^a^ig 1 (DBiH^ao 

©»HlcRtt6n&»2©»Rjfll4kRRi:*6»aan 
T\ y-h^^^^UT±fenS r /x;K?)^®tClS^ 
Sft&±E»2©y-h«Sf4, ±E»1©S»^« 

y-h«RR©aH*a«rc«3R2©wR#Rt, c 

<0R2O»«#RoaRk:RH'6n3e:*RRt3*»6«* 

x^— tttCcfcOBStcs^nT, ±E»2©y 

-HRttDRffifcL ±Ey-Mfi»R**LT, ±EU- 

t~rz>o »^l<«. ±E»i©KRja*«*^>^ 
[0018] *%w<D¥mfcmm<DMmjj&<Dm 1 

>)xm^pi^xj^i®i:iift:ia^-F^ 
ftR*»«-r*xai:, R 1 ©KRjSfcRR<0R{fc«* 
S&*»«ttR££ffilcfl2l£U ±Eng«?x;KDXffl 
±^7thl/yXhI/^->MU Z<D7*b 
1/yX hI/^->^Xi7l:l,T^©»t#18^ 
£^*>ftA-r&:i:gfc, R2®KRjA$jRR£Rl® 
J»»R^&a:SA-Kvx^R*R^ffi^»flib, £ 
©A-KVX^R, ;ra>R2©*R;&&]BR;&J:tf±E 
*«{*R£»&R#ttX:y^>yiC«fc 0 ;^-->^U 

t, ±f5n^^x;K p^i^x;^|gM±(c-etix-*nm 
1, m2<D?-vmm*wifc$z>TM£* ±mzw,2<D 

±essi. m2<Dtf-hnm<D®M%moV'( fs*- 
x^-it^^u, £n£<&Ri<&y--FS«*3«i; 

tflM F^*-Jl"X^~ tt^^X^HUfcpS^Mtl 
(D-f ^->ffiA^J;0±EnS!^x;KD^a^p+ 

X- HK>M^MU cn^©m2©y-h«s 
^«fcVit>r x^— v-*-?x?\zvzinm?F 

Wm<D^*>&A\Z&K>±Mv>mV3L)V<D%m\Zn* M 

KBg^fl : MLTcne)CDp + ^v-x • ku-t 
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So 

[0019] *5s^©^»*8«©»jg*sfe©»2©ai 

-htftKMf^Iit, fglO^tfXfitfiifctf) 
Hv**R£feR&£Bfc»*TSX8fc. ±IBA-H 

JiW*X8£. £Bfc»2 0)|»R*»jfcU £<7)§g2 
<0*6»R£x^Ay ^ bT±B3S 1 coy- h«I£cfc 

ji^-x^— -s-fcjMtu ^nb^mi^y-bm® 

y^«FK>i«WU £*ibC7){gl££>y-b 

ttfcK«jft*M>'U*-f H«e»fitr*xat, ^bk 

■ntGSR£J&j£U ±EA-F^X*R<z>±B**«tB 
TSS"CC©JllWlfi»R*ft:*««W* (CMP) t§ 
X8<h* lIEn^xj^I®±^1^7thl/yXh 
i/^->e^L, C07^-M/yXhI/^->S: 
^X^KbT±EA-Fvxm iKR©y-h«*t3 
cfctWB 1 h*fcR£«*Xy 5P>y»£TSIS 

«B«««K:J:0±BK:!B2©y-hRfl:Rt»rt 
t^Igi, ±EfBlOS*^XSEfitt<J:0ia^»2<0 

0, IBl<OiSI»^RR©Sfc«l^^ft§«2<o«S# 
R£±BK:^j£U M^II^Mt^I 
g<h> ±EJBMI6«kR0[)±iB^RHi"r**-C±E*JR 
R, K2 0»«»:R*5j;tf®2Oy-httftRS:CMP 

ut, ±EpS!9x;i/©^iS±^2©y-h«a^^ 
±ESS 1 <BiS»!£&JS^ 5F^>, ^>^r>^tf 
[0 0 2 0] $bfCW£b<te> JLE*2<0*«ft:R<D 

eft;&ffi*<±Ess i <&»«#R<Di8ii;affi£ffi8Ts & 



12 

•5^±E»2(Dg**xfl5SJt^K£^ns. $b{C 
fl, ±fi!B 1 ®Ktt£&Kft*, 3^>, ^>^X^>43 

[0 0 2 1] *KW©*W*««©»a*tt©!B3©» 
^x;^J:t^pS!^x;^*B*c3R»fttcfcoy--hK 

ftR*»rtr«x8t, is i nmmti&mmvmzmfr 
ztezmivmm&m&^mzMi&L, s^ic ^2© 
to kk£&kr t m i <& jeRRrt* s & s a- k tx * r t 

SIB*±Btc^fiK-r*XSt, ±IBA-KVX^R, d 

pffl^x;i/©*B^E»©y- h«B*»)Si-«XS 
±B(ctB2a>«j|KR$^U t c<Dm2(DmMm& 

(^y- h««0)«B£^n-eftB'3tM F?*- ^ • X 

20 • X^-^^TX^{Cbfcp^*(EiKlOO-r^ 

1M ;!/ • X^-U-^VX^^bfen^^cD 

-f ^->aAfcJc:D±EpS!9x;K0SB^n+ gJV-X 

• KW-f U ^B^3 0)iSiB^BRS: 
MlTutib^p^ IV-X • KK>*«*J:tfn 
+ iV-X • KU-Ofi«^BIC&BlE^»iCiSSl!^ 
AJB^Utf-f HR*»«T<5XBt, £«fcRIBIS*R 
*»J«U ±EA-HTX^R^±B^gm"rs^TC 

30 ©jgpaftSRSCMP-TSXgt, ±!3nS^xW$ 

* hUvX h^A^->^VX^lCbT±l2A-HVX 
ZWk, KK©y-h««^«t«y-Mlfl:RSJB*Xy 
f>^St-5lgi, 8ffl«ft»i:J:D4liii:a** 
^Ay-r^sy-^«j»RS:^-rsx8^. ±E*1G> 
fiR jft&MRoRftttft* i &KH 

£*«*£BK:»*r*xB4:. jKwaa^cko, ±Ey 
-N»»R^6±E*2fiDW«flcR»ca?**tt»an* 

iMt. ±ElilB«ltR©±B*«ffl'r«*T?*RR* 
40 ±Bfc#RU J2B&RR, JB2©»«#R*«fctf«2 

ksi 2 coy- hts^Mt^ig £ ^wts 

>R* £ WSRfcRfc > >J 3 >Rfr <E> a D . ±ESB 1 (D 

[0022] *mm*mwmw<D^m33fev>w,4<Dm 

so ^x;U43J:0:pS^xjK^SB^Kft^cfcDy-hK 
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^m^mmtm i o)mmmfrt>tez>/\- hy^^i^ 
^m^mizm^f^xnt, ±iBA-nvx^jii, z 

±mizm2<Dmmm&Bf&i,, z<Dm2<Dmmm^ 
x. y ^ny z LT_htfim i <z>y- bmm&&z$±tmwL 
<Dy- bmm^mm^tn^nmo^-f x 
^— tf-ft^j&u ctibcDmic^y-hSM^^r/it-f 
• x^—v^7s?\zvtzpm^mm(D^* 
>m\\z&y) ±%?,nmv 3L)i(Dmmzp+ ^y-x • h 

1M • X^— tfftVX^lcLfcn^|$ft(E> 

+ sv-x • Fu^>mm0%mzttm&w\zmM& 

ttl»Rft»jES?-*Ig£. ±8ES4(CiiSffll*&«JK©S 
&«Kft£ffit£Jgjfrr£Xg<h* ±IBHmifiliK(D±S 

tcs 2 coy- h ««ft jgjos-r * ig t ft w-r s ^ £ 

[0 0 2 3] 

[»5B©^jSfi©^fl|] ^K, B®ft#H8bT#5S9JftIft 
U nft^UMI SFET^2^-hlI^t 

nm2<Df- hm<tm*ftVTx>wojL)\'<o$m±-\zWL 
ttsnx^a. mi^ctt;m2^y-hmis^fflMn, 

[0025] mi <&y- hmmz. m 1 <DW s M&&me> 
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*2<o*«#K<osg5fi$^r^mia)««ftK© 
[0 0 2 6] *8«*««(0»fffi|JtiCHT*-5HlS#fla 

[0 0 2 7] y'j3>IfilO10iffllCH (09Atf 

mUMl 0 2lC±0»»$nfcnS!^x;H 0 3tpm 
V^)V\ 0 4t3&JRtt6riT^*. nS»).x;H0 3i 

tficpffl^xjn 040)*B(ctt, ^n-ennft^fbicj: 
* l ©sonwTti, fgicoy-h«flit!B2a)y-h« 

20 oo) y-K^ffii 0 9^tl^pft^iHMI SFE 
T7^i£tt£n> pi^xJH0 4OSIl:H(|2©) 
M«l 1 0 aft*L&n^**;i/3!M I S FET 

rat^ntt^o y-Miio9, noaoii 
tt-en^n* i (Wx.asft^^^) ^6 
^A-m^ii o 8\z&*)mmizmion. y-h 
iiio9, 1 1 o a c9«®te^n-en?g 2 oftftigt 
(«AtfBfc->»j=i>il) *>&&*-tM x 

^-it 1 1 5\z&vmmzmt>tiT\,>z> 0 

[0 0 2 8] y- hKftlKl 0 S^lTnS^xJH 

30 0 3 0$B±ns» e»nfcy- h«s 1 0 9 y-h 

ftfcR 1 0 5 o«fflftESEicBE3 (SS 1 ®KM£&JR® 

& (S2©iSl8ll^lSKT»S) >yx^>BS 

I 0 7iO«BIB^^«^$nTtr^o y-MtYfcUtl 
0 5£^UTp^xJl/l 0 4©S®±HKlte)*afcy 

- hmn noan y- hiiftK i o 5 vmrnzmtM 
izmo (&i<D&m&&m<Dmt®frZtez>m2<Dmn 

[0 0 2 9] *S1 c^^JTi^ (8¥fflH»iSTS 

tfi) w,2<Dmmwm'?&z>m\:3 L ?>mi o 6 att»i 
■e» o , ^fk^^ >nio6a (n^m^mmtfmt^? 

»l©3IJSflajTtt, S2CDy-h««T*^y-h«ffi 

I I o a<Dmj&^&ttn-t?&z>&mm&, mi^y-h 
50 aaT*^y- hmm i o 9 ^idtsAtfAo)^ >yx 
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f>ll 0 7^«$tlt^§, 

[0030] p»xjno4(DiBdi y-sm® 

1 1 0 alCgefr&WKnJgV-X • HK > • x^t* 
>f/a>^l 1 lipi^7 1 2 

e»n, hts i i o atw:w h«?*-ji/ • 

— tM 1 5(Cgeg^WCn + SV-X • FK>S« 
1 1 6*«»»t6tlTV^. nl^iJH 0 3 0)^B5fc 
tt, y-hlli 0 9l:S516Wi:pSy-7 • HU 

• X^x>->3 >M^1 1 3i:nl^7 hSB«l 

1 4t»tbn, 0 F** io 

• x^-iti i 5i:SSi^(:p+ syv-x • k 

UOW&l 1 7*TO^tlt^-5. n+ iV 

-X • HK>fi8l 1 6*5«kt?p+ • HK 

>««i 1 7©«ffitt, ^-n-en&as^wjc (m3<D 

[0 0 3 1] ¥«#SS<Z>«iSXg<Z)Ka«S0T*£ 
g!2<h> ±ISH1 ^micD^ISSWItCJ: 20 

[0 0 3 2] £?\ x 'J n >g$c 1 0 1 <B^BS 
ST Iftjfi<&*^5H«W*l 0 2, nag^^H 0 3 43 

j^p^^i/i 0 4*wsn-5. m^ftmmmi o 

2<0«$fct0»J;U£iffi* 1 0 0 0 nm^^Tfe^o HfcBtffc 
JCctOv ni^xJH 0 3iDj:^p^xiH 0 4(DS 

sic-en-eny- bwtitm i o 5fim&2nz>o ?- v 

mitmi 0 5®RJPtt* 5nmt*0, 
1 OnmSSrc**. Kj&ttX/^ ^ I) 

>8i o 6^®tc^$n^o mit^fymi o 

mmzmx 1 0 0 nm^K~T:&3 CH2 (a) 3 . & 

[0 0 3 3] *L nS^i;HO30g®±&S57 
t F l^yX hg/\^-> 1 3 6«^n^ 0 Z.(Dy* 
VWkrt9 — > 1 3 6£-?X^t£bT, 10 0k 
eVHT©i*W-, 1 x 1 0i4 C m-2J&Ur<9K-X 40 

i o 4 <nmffi±<D^it^? >no6 tF$Lnc?9 >m 1 

0 6 alZteZ m2 (b) ] o 

[0 0 3 4] «-«*»ISfflV^T, ±M7*V\szs 

X bWkrt?->l 3 6^SJ«$n-5. -ecofg. ^2CQfS 

^Xf>il 0 7<3DJ^|?«, iS« 2 0 0 nmg*t* 
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n^o a-h^x^h o 8 0mmiz / J>fc<£ ; bi on 
mssTfes, ^mi<onmm\z^x, w,2<d 
mm^mmifi. ?>tf7>T>m\zmi£tsnz>*><DT*\t 

[0 0 3 5] MZ. A-m^Rl 08t, ^>^X 

>^nt> ^n-en±ffitcA-Hvx^Ki o 8#* 
e^nfe (mt^^>mi o 6fc^>^x^>§ii o 7 
a*«iisnfc) y-h«iio9t (smi^^rio 
6 atc^>^x^>a^i 0 7 3&*«»ati&) y-h«a 

HOa^W^tl^o ^>^f>Il 0 7C0/N°^ 
-Z>^iSFfi tHB r t<7)S-&*X^Ci:DfT^ 
fl, mt^5>Wkl 0 6, 1 0 6 a<D/\^-X>^teA 

<, ±f2/^-x>^<7)X^>^VX^:7;t hl/y 
[0 0 3 6] igct^T, ^**;k6a*ffi^««TC9L^ 

(vth) ^»*«i««-rsfc«>^, ^n-etvr 

Si 1 0 a{:gBI^WCnlV"X • Kl/-f>M«l 
11. Pl#y7h®«112«$n, ni^xil^ 
1 0 3©^®JCtty-h«Sl 0 9tCSS^«tCp^ 
V-X • KK >««1 1 3, nmm-y hUi&l 1 4 
«$n§. niy-X- KH>a«lllH5 0 
keVOT, 1 x 1 Oi3cm-2JK±C9afclRt)b<tt«60 

-r*>ttA^<fco^$n, pi#^hfi«ii2fi 

15 0k eVUT, 1 x 1 Oi2cm-2JB*±©#n>©-f 

*>mxizj:Qmf&2n, piv-x • kk>««i 

1 3tel 0 0 k e VJ£TF, 1 X 1 0i3 C m-2J^Ji(7)^a 
>^t>aAi:J;^M$n, ni#iryM*ll 

2 til 5 0 k e VJ^T, lX10i2cm^±(DW 

(%>lo*«) <D^*>&Mz&y)M!$ t tznz> (0 2 

(C) J o 

[0037] &\z, ±m\z^2 (DmmmtisTMTL&L 

PCVDa§8<kyU3>Wffi$ns. S2©i 
SiO)iIM^ 2 0 0 nmlgtfelio dCDfg2CD*& 

iWx7fA7^^nt, ^htii09, 110 

^n^o lOOkeVJ^T, lxiOi4cm-2J^±^ 

fr^^^fc, Btsfeb it-r h x^ 

-1M 1 5W(:y~hiil 1 0 afceBS^WtC. 

pi-^xjh o 4©saM*>aAsn5. 

lOOkeVJ^T, 1 x 1 Oi4 C m-2j^±co^^cOfe<h 

zKd>^, tM k^*-;u- x^-tfi i smsiz 

SV~X • KK>fi«l 16, P+ 3aV-X • FK 
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->'J1M HftEJ6OTSaftfc«. *S«<0» 3 ©WttjSi 

®«i i 6*3<*:tfp+ asy-x • Fu-r>««i 1 705 

1 1 8 75«$nt, *S1^1WMIMI SF 
ET*«Sn* (ID. 

[0 0 3 8] *miO^«a>x!l*€:lft?8"r*fe*(Z>H 

£ir>fi«JEC0£{fcfi (AVth) **t^7 7-C*5H3 

[0 0 3 9] H3fc::tet,vT\ AVth=Vth (dose) 
— Vth (non — dose) , Vth (non — do s 
e) ;S***>aAM©U#V>*mflE. Vth (do s 
e) ;**-f *>aA£ttfc*£(7)L^ffimJx^& 

[0 0 4 0] mi ^iflfi^^5 1 ^>7!)^/j:^<h#> 

jk 1 (Dmm&mrfr >R££r * >&a 

tSt, n^tWSMISFET, p^t^UMI 20 
SFETtfel:, AVtH<0£&£. Ctl\t. ^m<D& 

T, |gl<D««fl5:|!g-e&SS{t^^>K©KSt«2 On 
m, Hif£H/£ (Vd ) <0«*Mifctl. 5 V, ^-KfiL 
g n^n-eno. 2 5 ^m, y-hRflsR©Rff 

(Tox) «3. 5 nm-C$)^ 0 

[0 0 4 i]M, C0ci:^^M^fi^b5 1 ^>{cSW 

[0 0 4 2] HSCDfeS^efeW'E.^^cfcdtc:, ±miz 

^A^ff^:oT^2CDagm#:^tC^T^^b^ 

V *JHM I S F E T (CD^ 1 ©y- 2 <7)# 

»!BE*ttT3irrv>*. RfcftjRjttftJMR 
ffiMSM I S FETI^^T, nftWMISFET 

[0 0 4 3] *®l(O^JB(0^ffi(C43ttS^2 69»«#: 
K<D«^6 f Rifc&feW;, ±IE§§lcD^0ijcoi:5K:£gl 
©WlttRfcSBIK * >£A UTt# Stt* 
tt*fc<0T«fttr> o *H160D»!8<?[)te© (R2, 3 0) so 
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[0 0 4 4] *W*K«a>«jfiia©*fBB«SCHT»* 

H4t#aauT, #*i©«m<D»»o!)as2<ojas«ft 

[0 0 4 5] ±E»10*JfiWtH«IC, y'JJ 

1 0 1 <D*ffi£«Atf S T I RiS<D*^$HB«tt 
10 2, nS'JxjH 0 3*J:tfpfi!)xJH 0 43^» 
j£3ft£. SKRfcKcfcrK n!^H0 3M{/pI 

1 o s^Msn^o 

[0 04 6] I^T, * (N2 ) 0>StSJt (=N 

2 / (N 2 + Ar) ) *J«Aa4 0XiflEO (fi^fiSS 

1 0 6<0RJ¥W;K* 10 0 nmg|T*5. 

[0 0 4 7] ?|*«^T, ±lfimi^HM^J < hfiIil(7)M 
>1107i, mi0««RT*£A-Fv*£Rl 0 

^ftT&D> S 1 OiiifJi^y U 3 >iTfe§ ^ i: 
#»SLH CB4 (a) 3 o 

[0 0 4 8] A-KYX^il 08^ ^>^x 

r>I107i, afc^>110 6^, MS^cS^tt 

A-H7X?Rl 0 8^«S^n^miC0y- h^Sl 

0 9, El0y-hlll 10^, Rl©y-hRfcR 

BfcttlK«(Z)y-S«Sl 1 o caet^cniV" 
X-HK>S«111, pl^7h«112^ 
J«$n, nI^xJHO30ffll:^10^hti 

1 o 9(:@si&Mi:piy-x ■ kk>««i i 

3, ni!#^7hfi«l 14*«Sn5 [0 4 
(b) ] . 

[0049] wz. ^mzw,2(Dmmm^LPcviy\z 
£vmi&2tiz>o w, 2 <Dmm$&<Dmmit&* 2 0 0 n m 

^glT&O* SI2 0«U»Ri:LTtt{f*L'<«B!ft;>'U 
T, y~hfI10 9, 1 1 O0fflJBS£»-5-tM Kr>* 

a^-im 1 5*«$n§, ±sasii 
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1 1 7;6*1M WX-JI • 1 5^{C|gl CD 

y-hSSl 0 9l:Sei^l:ni^xJH 0 3(Di 

DIM FBI 1 n+ SV-X • Kl^-r>aS«l 1 

6&J:tfp + SV-X - HH>fi«l 1 7©«B£-t 

[0 0 5 0] *tC, ±KRl<03lifi«<hffigUT, »Yt 

isvny&mmm^u&mmmBmi 1 9^cvdi: 

iO^RKRRSn*. MKIIfiflkRl 1 9 0J3giPteii$* 
lOOnmggm Sl©y-htSl0 9i3«ktf 

±Ha*«art-**T, caflnieftRi 1 9#<t;¥«« 

mm (CMP) £*l£o S^T, pl^iJHO30g 

m±&moy*huzs* bmn?->i 3 9*«»jjsn 

T, <Ki2<£>^- hSffil 1 OfC«g$n^:A-KVX^ 

r 1 0 8 bmm 1 1 0 &«sR&sft 

?>^fC±0»*$ti* CH4 (c) ) o 
[0 0 5 1] fc\Z. ±f£:7* hl/vX h^/\°^->l 3 

1/yX hilA°^->l 3 9 <Dm3k&ftfe*oTh^\ 
[0 0 5 2] fc\Z. $f^L<liLPC VDfCJcO, £® 
^2CDy~hKfIiRl 2 5b«$n§. 
fell 2 5 bCDRJPttSi^ 1 0 nmggT^^ 
T> <§miS7, (N 2 ) <D86filt^JA.«8 0%S^C0 
(H^S£fiJt<0) fei:T(7)S^X/\ 0 ^^U>^^^ 
0, Sl^iSiB^R<Z>Sft«f^e&S»2^l»«#:R 
tl/T«^.Hgft^>ii 2 6b^iIf;M^n 
So Sft^^>ll 2 6 b(Dgl^I^{tf^>i 
1 0 6(D^^fij;0iS<^oT^S o ftfb^^R 

126b <nmm\m* 2 0 0 n mgs-rss. Sft;^ 

tC) CVDTfrfcoTfcJ;^. %*>\Z, CVDt)b<H 
>R1 2 7^gCM^n§. *>yXx>Rl 2 7 

(Dmmizm* 2 0 onmi*ws. #r2<d^jswt 

tt, 4RRft«jaiT**Rtt^>^T->©J:3a:i*ill 

[0 0 5 3] *lC, RmtfiilMt 1 1 9 <B±ffi, R 1 <D¥ 
-MSI 0 9tC««$tifcA-K^Xi7Rl 0 8f7)± 

§126 b*5ct^ # -hKfl:Rl 2 5 b#CMP$n* 

(7^43, mnifijiftRi 1 9<D±m&&r$mi<D5 t -hm 
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ii09 £««$nfcA— k^x^r 108 <^±®^ffl: 
»u:R3«»©y-hRfcRi2 5b3*«Rm"r«*-e, 

gffc^^Rl 2 6 b*3<ktf*>y;*5r>Rl 2 7^b 

ftsais^cMPsn^oTw^ cmp coot 

ft^>Rl 2 6 bfC;*>^X^>§ll 2 7rt*BJi£n 

fc#ti§com2©y-hsffii iob^\ «$n^ 0 m 

2(oy-hmmi l 0 boofflJffl«^2(oy-hRfl:Ri 

2 5b^UW F9*-^ • X^-itl 1 5\zmt> 

io nr&o. ^2coy- hiftii 2 5 bas«tB2<z>« 

««RT»-5Rft^>Rl 2 6 blCcfcOttSicSfrtl 
T^S [0 4 (d) 3 o 

[0 0 5 4] *»2©*JB«|<03j|*S:BiWrSfc«><7)H 
Sft^^>R»^a)ftlR^X«EfiIt^-r* 
L^^fiSEE^fcfi (AVth) ^t^77t^l)i 
5£#fl8LT\ *»2 0*JB«|©S!f*S:8tt^f S, 

[0 0 5 5] ^5 tC43WT, A Vth=Vth (me t a 
1) -Vth (poly-Si) , Vth (metal) ; 

m 1 <Dmm&&m<D&ttofr*>rsiZ>mn»mzm 2 <&« 
20 m&L&mm t> b < tt£RRftfftji l r & * y- h & 

(nft^H^SWp^t^H) MISF 
ETG>L#Hii1iJ£, Vth (poly-Si) ; (n + 

(n^*^s»£Wip^*;i/S) mi 

SFETcDlf^MlEt^^o 
[0 0 5 6] miCD^^^M^5 : -^>^6ft^^^, 

r 1 nmmfcm-n&zmt?? >m<nwim\zmki$7, 

<Dffi i mtt&m<1rZ>£:. nft^iMISFET, p 
ft^SMISFETtfel:, b^^fi«EE (Vth) 
so fcmGX&iafcv'? ht^o ±32Rl CD^SS^tJi: 

d) (ommmti. sv, y-hgLc iwn^eni. 

Oum, y-h&ffcRcDRJP (Tox) «2. 5 nmT$> 

? yyx^y^mt? )\/0M&\zhmm<Dmfa*m 

40 [0 0 5 7] H5<DJB*«r?iMLT. pft^UMI 

sfet^i ©y- hmmom^t^mt^^ >m<v 

R 2 ©y- MiiiUTSaikf^ >R©RR«## 

{C, ±ER 1 ©*R«tCtk^T, *R2«jligW©*^ 

[0 0 5 8] ft43, ft3R/fX<D8£fitfc75t3 0%ldffifeft 
50 fr*»£lctt, Rft^^>R*AUTRtLT«RLa< 
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tt<Dht \zfti3; o (DAWS. V 

[0 0 5 9] **«:3g«cD£ss!igxeo»fs«a;HT 

[oo6o] *-r, ±e»i, 2 tragic. ^> 
u ^ >sk i o i (Dmmizm^t s t i stig^^a* 

®^10 2, ni9iiH0 3^pI9zJH0 4 

^hl;h o 4 ©Sffii:f n^ns i ©y- hSftB i o 
s n*. a**x»»jt*^&< tt>3 o%g 

«TJfSl/<tt4 0%<D&£TCD^ttXA°^U >^ 

[oo6i] i^t, ±.fcm2<D$mmtmmz* 

^XT/110 7, A-m^ll0 8^i®HM 

$n> A-m^iios, *>ifx^>Ri o 7*5 
o 8jwisistifcjiiia)y-htli 09, (H^«* 

y-X'HK>fi«lll, pi^7hMH2 

3W»j*an, ni«)i;no3©fBi:ttgi©y-h 

Ml 0 9fC@BS^MfCp^V-X • KK>®«1 

1 3, ni^^ h»Ki 1 4*»fiEsti5. ±mzm 

[0 0 6 2] £6iC, n+ • KK>M1 1 

6#1M • X^— thl 1 5 MtflC Ji»B{Rf£y 

-nitSEi^mcpS^xjn o 4©$n:»is 
an, p+iv-x- KK>®sinwH^^ 
— x^— it l l 5tW:Si©y-Mii o 9Jc 
S5I^W:n^x;n o 3<5D^ffiic»jESans- 

(^^>^^^^3AVUh^b^:^^3(0iSa^/l^ 
«ft*"T?»S) iKIKjft&RS'UlM FBI 1 8tf, n + 
MV-X • 1 6 43«fctfp + MV-X • H 

u-r >««i 1 7©»HK:*n-enaB»&»^»j«s 
n-s, 

[0 0 6 3] ±ESg2<D^M#]£l^i{C, Kffcv' 

U=i>XfBlftlR^&d:^limtBlftRl 1 9#CVDtc<fc 

o^@tc^^$n^>o o 9 43«fctWE 

Ry- Mai:8B$nfcA- F7xjs i o s<D±m 
^»mrs^T, iia)Bra»»iB[i 1 9^cMP$n 

3o SSc^T, p^^7iJHO30lIMl97thl/ 
XhlW->l 3 9£*TX^CbT, ±E(EKy-h 



22 

igi:«i$nfeA-Hvx^ii, -cD^y-ha 

IlBLfc»»©y-«ftil0 5^ ft8«(Z)^x7 
h - ly^^tiOBS^nS (06 (a) ] o 
[0 0 6 4] mz, .LfgX* hl/y7 hR/^->l 3 

[0 0 6 5] $F*L<teLPCVDK:«fcrK £® 

io (cm 2 KBMfcBi i25c ^fit^tis. y- 

fcil 2 5 c£>|g|JSteiS* 1 0 nmggt'fe^p ^ 

t, ^^xossatb^MAtf i o o%mmv> (+#\z 
m^mmttv)) fetT^jsjiSttx/t^^u >tf\z&Q* 

T&mtmfc^?>mi 2 6c^ii:Msns cm 

5 #88) o S*//X«Efijt4 0%SST^«an«:^ 
^>1106 <0*gfi;£tk (EIpJ) {111} T 

fcaa*, £cosfl:^>Bsi 2 6 c<ojsa^ffi (Kfa) 

««Ma {2 0 0} gffc? 1 * >I126c 

20 «CVDTff^:3Cl<i:fcpJtgTfa5^o CVD£>L<«X 

il2 7^BCM$nSo ^>^Xx>§ll 2 7(7) 
KffteiS* 2 0 0 nmggtt'fcS. *»3©^S«t 

jft*jBiciR3e*n-6fe©'rtt«c<, 

[0 0 6 6] BfS&ftR 1 1 9 <B±3B, fg 1 CO^ 

30 ^1 2 6 c&£Tfy— hMitmi 2 5 c#CMP$n 
£ 0 cntCjcD, if^>I12 6ct:^>y , Xf> 

hi 2 7tfmmztifcmm<Dm2<D?-bnmi 1 o c 
jfcjsan*. i20y-hiinoco)ii^ 

2<&y-httfldRl 2 5 cSr^LTlM F^*~;V- X 
^-+M 1 5tcS^nT^0. S2^-hMll 2 
5 c ^BS teg§ 2 <D»«#]8IT& ^>^ft:^^ >I126c 

\z£ommzmt>ftT^2> m6 (to 3 . 

[0 0 6 7] (DUSSMte, -tE» 2 <D%mm<D^ 
40 [0 0 6 8] *»qBtt±ESl^Sfi©^ffitcl8^an 

jvmu i sFET§Mny-h»»Kn 

e>©S3R©Hffli£*S:fiJfflbT, SI 2 h»ffi£:« 

a-r &m 1 a)jSi»jaftjKa>aifl:*A^tt*» 2 

[0069] ^mfcmm&^mmxmvmffim&mT* 
*s@7^#itst, *w,2(D%mmmv>-'$mm 

so fmT©t*5^:M$n^>o 
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[0 0 7 0] ±E» 1 <&SB*©»88<0±EfB 1 O 

y'J3>SS2 0 10«ffi(C^JAtiS 
T I«£0»?aiB<HK2 0 2, ngjtfx;^ 0 3#<fc 
tfpa»)i*2 0 4#)MSft 1 f»»ft^«t»3nS!9x 

ji/2o 3t3cttfpS!^x;w2 o 4o«Ht-tn-eny— 

hBWtBl2 0 5*»«Sft*, y-h^fcBg0 2 0 5(7) 
*>L<teC VD(cJ:D> (HI 1 ©iS»!^^R©Sft»^ 

[0071] m^x, ±mmi<Dmm<DMm<D±mm2 
(Dmffiwtmmiz, m2<DMm^mmx$>^^>^x 

T>I2 0 7, A-H7X^i2 0 8^®CM$ 
*U A-h t 7X^82 0 8, ^>^f>i2 0 7M 
tfSfttf 1 *>IR2 0 6*fl^«;*ttXy^>^K:«fc0/* 

^-->^$nr> ^n^n_LB^y\-HTx^K-2 o 

tC@B^WlCn^V-X - KK>«*2 1 1, pi 
^7hl^2 12»«n, ni^xil/2O30g 

fflfctt»i©y-h«S2 o 9(:gei^:piV- 

X- HH>fi«2 13, ni^7hSS2 14» 

^$n^>o ±m\zm2<ommmm^ti. ^^2© 

IBIWR^Xy^/ty^atlT, y-SSS2 0 9, JtB 
CKy-h«*<0«B*B3lM F^a— X^-tJ- 30 
2 1 SjWWfcSft*. 

[0 0 7 2] n+ iV-^ ■ H W>®«2 1 

6^1M K^* — ^- X^— it 2 1 5m$\Z±M$LWL>f 
-MiHSSi'&Wi:pM^x;i/2 0 4©*H^»flt 
£tU p+ SV-X • KK>««2 1 7j&^ K-?* 
— x^-it2 i 5Ml:^i©y-hf«2 0 91: 
gEI^Cni^xib2 0 3(7)^M^ff^^n^>o 

* > » £ ^ tt n h & 6 & -2) ft 3 CD rSBS *^JS<D 
3iflS*T&S) ->U1M HH2 1 n + 

^y-x • h'K>Pi2 i 6*5«t^p+ • H 40 

i"f>m®2 i 7^sfc^n^nsss^«Jc^$ 
n^> 0 

[0073] ±e* i <o%m<omm<D±Mm 2 © 
nmm tmmiz, mt *> u 3 > & & * m mm* 

-hmS2 0 9*<fctf±EiKRy-h««£*«3*n£ 

A-m^i2 0 8<7)jiH^fim"rs*T, com pa 

!6ii2 19^CMP$n^o SScV^T, pi^xJl/2 0 
30OS®±^ffi^7^ hl/yXhi/^->2 3 9i)W 



24 

CH7 (a) ] o 

[0 0 7 4] &\Z. ±my* bl/vX bmrt?->2 3 

9#»isn5. ft*, ±EfiRy- h««<oi»*»fc 

8ta}bfcy-hKftK2 0 SCD^^^foT, 
[0 0 7 5] ^ffiiC«*tfa<t»ft'>U =3 

U<ti«fl:^»ja>|i8^6ft*y-h«»R2 2 
J5g$n^o ^-Nill2 2 5«fty'j3>iClf 
LfcKJPttig* 1 0 nmgare**. y-M6t!2 2 
5^ftifty'j3>»bfj:^I^> SH4 + N2 O 
+ NH 3 (Og^XtCctt) 7X103 P amm<DJ±t)(D 

h»»R2 2 5+©^^W*^7>^:Xr^XC9Dftfi 

jfcfc±Dffl»sns. y-h«s«2 2 sa^ftvuu 

>K**e>te5»£\ LPCVDfeKttPECVDICi 

DMsns. ji©^^ y-h 2 2 5t^iM 

(fBl<0«iB^JRa)aft«^6&S»2©»«» 

bit**) mt?-z>m2 2 6*«»jaEan*. 

[0 0 7 6] i^T, 9 0 0T:, 1 0 ®m&m<DWkVlM 

>2 2 6©a**W*tt. »t5 L ^>R2 0 6<D&m-£ 

[0 0 7 7] *A\Z. CVDt>L<ltX/l7^U >^l£<fc 
0, &JRBt£LTM*«*>yx^>flt2 2 7rt*£HK 
HMcSn*. ^>^X^>JSI2 2 7<Z)KJPttiB^ 2 0 0 
nm@^T&£o *-SIJB«IT'b, &mm&ffi$L-?2>& 

mte?>?XT><D&ot£WM&&m\zmi£2n&hv 
[0078] hmjbhr 2 1 9 <d±m, g§ 1 ©y 

-htl2 0 9l:iI$tlfcA-HVX^12 0 86DJ2 
®^gffi-TS^T% ^>yxr>i2 2 7, £{b^* > 
12 2 6Mr/y-M6tl2 2 5^CMP$n^)o d 

ftKcfco* ^ft:5 1 ^>^2 2 6fc^>^x^>sf 2 2 7 

*«I3ftfc«2©» 2 h«S 2 1 0^\ 

n^>o »2©y-h«S2 1 o<Dmmztf-bmmm2 

2 5^^UTit< X^-it2 1 5 \zWf)ti 

T^0, y-h»ftI2 2 5i®«S2^1Mt$) 

^>mt^9>m2 2 6iz£Q\g.mzmionr^% m7 

(b) ] . 

[0 0 7 9] *»2 0!)^Jfit«ffi(Z)*-|llfi«*>, ±E 
[0 0 8 0 ] *«W©ft3(D5IJSG)^fliT«. P^Y^ 

;HSM I s F E Tcom 1 <Dff— hmMZffii&irzn 1 © 
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T, n^**;|/ffiMI SFET^Mtl>»2(Dy-h 

[oo8i] *##sfi«©*sjBjfixe(Z)»fs«a:HT 

**B8£#«-fS£* **3©**liO[)»tt©-IIJIIi« 

[0082] st, ±aa» i <D^m<Di&m<D±mm i <£> io 

SIJBWtPie»c, y'ja>Sfi3 0 1©«Il:«ABS 
T I«5g(D^^gi®«3 0 2, nl^x^3 0 3&J: 
tfp^xJM 0 4OTBj«$*L IKRfcKlcfcDnStfx 
;U3 0 3^^^p^ J ^x;i/3 0 4 cD^ffifc^-ti-eny- 

^KttcvDiao, (mi ©ism A*R©sifl:*^ 
e»&§ii^f*i«§) en^t^b^^>J3i3 o 

[0 0 8 3] sk^t, ±es§ i o>nm<omm<o±Mm 2 20 

T>13 0 7, A-F7X^R3 0 8^jS^^fiE$ 
n, A-HVX^13 0 8, ^>^X-r->^3 0 7 

^-z>^nt t ^n-e*n±®icA-F*Tx^K3 o 
cfc^c p^t>x;i/3 o 4<0«ffifcli±Efi»y-h*« so 

iC&ei^tCniV^ • FK>M3 1 1, 
^7hfi«3 12^|$$n, nl^7x^3 0 3(?)i 
Ktt*i©y-hii3 0 9l:S58&»l:pav- 
X- KK>««3 13, nl^7h®«3 14^ 

(E»y- hSSofflffi^ffiSIM h^*-^ • x^— !*■ 

3 1 5^»rtsns. 

[0 0 8 4] $ n+ H7-X • h'H>fi«3 1 

6#*im k^*™^- x^-u-3 i smf\z±m&w&' ^ 
-hili:§ei^f:pi^x^3 
$n, p+ sjv-x • kh>si«3 1 7#im k^* 
• x^-it 3i5 M^tcm i ©y- hmm 3091: 

SeS^WfCn^^x;U3 0 3<0^ffifc:jgi£<*n£. 
SV-X • HK>fi«3 1 6£>cfctfp + SIV-X - H 
[0 0 8 5] ^C, ±jH^l^Jfi«»S8<7)±E^2CO 50 
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»R3 1 9&CVDlZ&Q£mzBtiSL2nZ><, %\<bV 
-h«§3 0 9^<k(^±E(ESy-haffiJc*KSnfc 
A-KYX^l3 0 8(D±I^Iffif6il!, CCO^Pal 

3&mm±&moy* m^x hm/v?->3 3 9^ 

J#£*l3o r©7th^M8/^->3 3 9m 
[138 (a) 3 . 

[0 0 8 6] *&\Z* ±12:7* hl/yX hR/^->3 3 

■mLfcy-hKftii3 0 5a)iBHfekufe«oT, y^-h 

v-JTs vmnz-y 3 3 9 ©Rfc^fr&oTfc^o 
[0 0 8 7 ] ^\Z, CVDKcfcO, ^SBicWxKSft^ 
>^i»b^^y-h««3 2 5«$tl6 fl V 
-h«»R3 2 ScoKYK^Un^KJctftSbfcJffilSttiB 

Mfi»i3 2 5^ft^>^;|/MtC^$n^t)<7)T« 

ft<* M^«Sfty'Ja>iTt)J;K gc^T, cvd 
hL<l*7srty*V>>f\z<kr), S4(^«MI^ 

^tCcfcO, ^HKi:L/TWA«^>^;UK3 2 7tf±m 

izM&tstiz. ?>?)im3 2 7<Dmmtem* 2 0 0 n 
[0088] mmaRR 3 1 9 <D±m, m 1 

-h««3 0 9£«g$nfcA-FVX#ltS3 0 8©± 

B^tfflts^ ^>^;H3 2 7, ^ik2>?)im 

3 2 6*3 h AMUR 3 2 5^CMP$n^. £*l 

JCckO, &it?>9)Vm3 2 6iZ?>?)m3 2 7 &m 

mzntcmm<»m20)7-bmM3iof)^ mmzn 

2> 0 $ 2 ©y» h tS 3 1 0 CDffliStty- hffiftR 3 2 
SSrfrLTlM X^-+T3 1 SfcfifrtlT 

£0, y-Mfi»R3 2 5 2 
mt5>>?)VWk3 2 6tCck0ilM^S^nTl.^ CH8 
(b) ] . 

[0 0 8 9] *»3©li«i:»»a)*-||JI«%>, ±12 

mi, &2<Dmm<DMmtmu<D®$kzfti,T^z 0 

[0 0 9 0] 

£M I S FETfCfe^T, nft^MMISFE 
T©y~ Mi^««t5»«#B<Z)tl:IWft#pft 
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m i ] *%W(Dm i co^jgo^siim i ^mmmcDWr 
[02] ±mmi<Dmffi<Dmm<D±$zmi<DnffiM<?)M 
m 3 ] ±tsm i <D-£i&<D&m(D±$zm i cdh^jcd^ 

[04] ±mmi(D^m<Dmm<DWi>2(Dmffim<DmmT. 

mxxffiM)tiz#irz>L2\,mmj£(o$tfcm cavth) 
me] ±mmio)mm(Dmm(Dm3(Dmmmo)^m 

ia xm <d w\^m?m -v $> % . 

1 0 1. 201, 301, 401 y'J3 >S« 

102, 202, 302, 402 K^f 

1 0 3, 2 0 3, 3 0 3, 4 0 3 nl^xJl/ 
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*10 4, 20 4, 304, 404 

105, 125 b, 125c, 20 

106, 106a, 126b, 12 
6, 3 0 6, 4 0 *m&9>Wk 

107, 127, 207, 227, 

108, 208, 308, 408 

109, 110, 110a, 110 
9, 210, 309, 310, 40 

111, 211, 311 
-f > • x^f>ya 

112, 212, 312, 412 

113, 213, 313, 413 



4 14 
4 15 



217, 317, 417 



114, 214, 314, 

115, 215, 315, 

20 116,216,316,416 
W > 
1 1 7 
U'-f > 

1 1 8 
-f Fig 

119, 219, 319, 
136, 139, 239, 

2 2 5, 3 2 5 y— 

30 3 2 6 mt?>?)vm 
* 3 2 7 ^>^;Hgl 



218, 318, 418 



4 19 
3 3 9 



5, 3 0 5, 4 0 5 
6 c, 2 0 6, 2 2 
3 0 7, 4 0 7 

b, 110c, 20 
9,410 y- 

4 11 nlV-^ • FU 

n+ ^V-X • F 
p + IV-^ ■ F 



7* hl/yXM 



[0 1] 



[0 3] 
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[0 6] 



[0 7] 




2 15 



2 19 




[0 8] 



3 0 9 



3 1 5 




(a) 




4 0 4 



402 403 401 



Cb) 



,4 0 8 



33 , 4 0 8 



4 1 2 



411 4 14 RJEg/J 4 13 




(c) 



4 15 
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F^-A(##) 4M104 AA01 BB04 BB20 BB25 BB30 
BB32 BB33 CC05 DD03 DD04 
DD26 DD37 DD43 DD64 DD65 
DD66 DD71 DD82 DD84 DD88 
FF06 FF13 FF18 GG09 GG10 
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